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ABSTRACT 

A series of five tests was conducted in Propulsion Engine Test Cell 
(J-4) in support of a study to determine the surface contamination of the 
Centaur vehicle and its payload resulting from the deposition of retro 
exhaust particles during separation from the spent S-IV]B stage. The 
test article consisted of a full-scale model, 120-deg segment of the 
S-IVB interstage adapter-Centaur-payload sections of the Saturn 1]3- 
Centaur vehicle. An S-IVB retro motor was mounted in the adapter sec- 
tion at either a 0- or II. 5-deg angle upward from the model surface and 
was ignited at a pressure altitude of approximately 130, 000 ft. The 
contamination of the model surface was primarily a gray deposit of iron 
and aluminum oxides: Predominant sizes of the particles deposited on 
the contamination panels were 1 to I0 #. However, many particles ranged 
from 20 to 60~, and a few particles were as large as 400;~. Particle 
erosion of the paint on the model surface was 12 to 14 ~ in depth and 
occurred in a 4- to 30-ft interval downstream of the nozzle exit. The test 
results dependent upon retro motor firing angles of 0 and ii. 5 deg, re- 
spectively, varied as follows: (I) maximum surface heating rate, 14. 1 to 
9.0 Btu/ft2-sec; (2) maximum surface pressure, 0.29 to 0. 14 psia; 
(3) degradation of solar cell panel performance, 26.6 to 6.0 percent; 
(4) laser beam attenuation, 22 to 12 percent; and (5) nominal change in 
surface reflectance of the model utilizing alaser beam, 27 to 19 percent. 
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The Centaur vehicle is being considered as the third stage of the 
Saturn IB launch vehicle. This addition would provide the National 
Aeronautics and Space Administration (NASA) with a payload capability 
for placing either a Pegasus- or Voyager-type spacecraft in a plane- 
tary orbit. One conception of the Saturn iB-Centaur vehicle is to 
encase the Centaur and its payload in a two-piece, aerodynamic shroud 
(Figs. 1 and 2) which is the same diameter as the S-IVB stage. This 
shroud would be jettisoned during the second-stage operation to reduce 
the weight penalty. After explosive charges have structurally separated 

the S-IVBand Centaur stages, three retro motors, mounted on the for- 
ward interstage adapter, are proposed to decelerate the spent S-IVB 
stage and separate it from the Centaur and its payload. Since the 
Centaur and its payload would be exposed to the exhaust of the $-IVB 
retro motors during stage separation, concern has arisen as to the 
surface contamination and its effect on (I) heat transfer to the Centaur 
stage during its orbital coast period, and (2) degradation of the space- 
craft solar cells performance. 

A test program was initiated in the Propulsion Engine Test Cell 
(J-4) of the Large Rocket Facility (LRF) (Fig. 3, Ref. I) in support 
of a study to determine the surface contamination of the Centaur and 
its payload caused by the deposition of retro motor exhaust particles 
during separation from the spent S-IVB stage. Five tests were con- 
ducted in the spray chamber of Test Cell J-4 (Fig. 4) at pressure 
altitudes of approximately 130, 000 ft (Ref. 2). 

The objectives of the test program were as follows: 

1. Primary Objectives 
a. Evaluate the surface degradation (composition and relative 

particle size of the exhaust deposits and change in 
absorptivity/emissivity) of the specimens on the con- 
tamination panels. 

b. Determine the degradation of the solar cell panel 
performance. 

c. Determine model surface pressure and heating rate 
distributions resulting from retro motor exhaust impinge- 
ment. 

d. Determine the effects of electrically charged panels on 
exhaust particle deposition. 

tw" 
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e. D e t e r m i n e  l a s e r  b e a m  a t t e n u a t i o n  t h r o u g h  the r e t r o  m o t o r  
e x h a u s t  p l u m e .  

f .  D e t e r m i n e  change  in s u r f a c e  r e f l e c t a n c e  of the m o d e l  u s ing  
a l a s e r  b e a m .  

g. D e t e r m i n e  the ' r ad ian t  hea t  t r a n s f e r  f r o m  the e x h a u s t  p l u m e  
of the r e t r o  m o t o r .  

2. S ' econdary  O b j e c t i v e s  

a. E v a l u a t e  the  d e g r a d a t i o n  of a b l a t i v e  m a t e r i a l s  r e s u l t i n g  
f r o m  e x h a u s t  p a r t i c l e  e r o s i o n  and depos i t i on .  

b. V e r i f y  t a i lo f f  s t a b i l i t y  of the  S- IVB r e t r o  m o t o r  at 
. s i m u l a t e d  a l t i t ude  c o n d i t i o n s .  

c. D e t e r m i n e  the op t i ca l  c h a r a c t e r i s t i c s  of the r e t r o  m o t o r  
e xhaus t  p l u m e .  

-.¢ 

J 

J 

/ 

SECTION II 
APPARATUS 

2.1 TEST ARTICLE 

The t e s t  a r t i c l e  (Fig .  5 )  was  a f u l l - s c a l e  m o d e l ,  120-deg  s e g m e n t  
of the S- IVB i n t e r s t a g e  a d a p t e r - C e n t a u r - p a y l o a d  s e c t i o n s  of the Sa tu rn  
1 B - C e n t a u r  v e h i c l e  wi th  one S- IVB r e t r o  m o t o r  m o u n t e d  in the i n t e r s t a g e  
a d a p t e r  s e c t i o n .  

2.1.1 S-IVB Retro Motor 

The S- IVB r e t r o  m o t o r  (TX-143-37) ,  d e s i g n e d  and d e v e l o p e d  by the  
Th ioko l  Cihemica l  C o r p o r a t i o n ,  c o n t a i n s  a c o m p o s i t e  b a s e  so l id  p r o -  
pe l l an t  d e s ~ g n a t e d ~ J P - L 8 0 0 6 .  N o m i n a l  c h a m b e r  p r e s s u r e  of 1100 ps i a  
and thrus t , ' b f  5000 lbf  a r e  d e v e l o p e d  for  a p p r o x i m a t e l y  2 s ec .  The 
n o z z l e  has  a t h r o a t  a r e a  of 3 .56  in. 2 and an a r e a  r a t i o  of 5. The  a v e r a g e  
p r o p e l l a n t  f low r a t e  is 30 l b m / s e c .  

2.1.2 S-IVB Inter'stage Adapter-Centaur-Payload Model 

A f u l l - s c a l e  m o d e l ,  120-deg  s e g m e n t  of the S-IVB i n t e r s t a g e  
a d a p t e r - C e n t a u r - p a y l o a d  s e c t i o n s  of the  Sa tu rn  1 B - C e n t a u r  veh ' ic le  
{af ter  s h r o u d  s e p a r a t i o n }  was  d e s i g n e d  and f a b r i c a t e d  by NASA for  
t e s t i n g  at .AEDC. The  m o d e l  was  f a b r i c a t e d  ( f r o m  1 /4 - i n .  a l u m i n u m  
supp.or ted  by an a l u m i n u m  ang le  f r ame}  in s e c t i o n s  to f a c i l i t a t e  

R 
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installation in the spray chamber of Test Cell J-4. Completely 
assembled, the model length was 53.5 ft, and the weight was approxi- 
mately 3000 lb. The radius'of the Centaur-payload segment of the 
model was 5 ft. 

° 

l 

b 

i I  

! 

2.2 INSTALLATION 

The S-IVB interstage adapter, Centaur, and payload sections of 
the model were lowered separately by the overhead crane down the 
exhaust diffuser to the deflector plate, assembled, and welded in 
place (Figs. 4 and 5). The retro motor support stand was mated with 
the S-IVB interstage adapter and aligned parallel with the centerline 
of the model. Mounting supports were installed and aligned for laser 
units, photomultiplier tube detectors, solar cell panel and excitation 
lamp bank, cameras, heat flux and pressure transducers, and con- 
tamination panels. After in-place checkouts of these instruments, a 
S-IV]B retro motor was installed in the support stand (designed for 
vernier-type angular adjustments) at either 0- or Ii. 5-deg angles, 
depending on the particular test requirement. 

2.3 INSTRUMENTATION 

I n s t r u m e n t a t i o n  f o r  t h i s  t e s t  p r o g r a m  is d e s c r i b e d  in t he  f o l l o w -  
ing s e c t i o n s .  I n s t r u m e n t a t i o n  s u p p l i e d  by  v a r i o u s  a g e n c i e s  is 
s u m m a r i z e d  in T a b l e  I. T h e  l o c a t i o n  of the  i n s t r u m e n t a t i o n  is  p r e -  
s e n t e d  in F i g s .  6 and  7. 

2.3.1 General 

Test cell and motor chamber pressures and pressure distribution 
along the surface of the model were measured using strain-gage-type 
pressure transducers. These pressure transducers were calibrated 
at AEDC under laboratory conditions against a secondary standard 
prior to initial test cell installation. 

T e s t  c e l l  ~nd s o l a r  c e l l  t e m p e r a t u r e s  w e r e  s e n s e d  wi th  C h r o m e l  ®- 
A l u m e l  ® t h e r m o c o u p l e s .  

In-place calibration of all recording systems just prior to each 
test consisted of substituting precision electrical resistance values 
to simulate known transducer load signals. 

g 
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2.3.2 Contamination Panels 

E l e c t r i c a l l y  c h a r g e d  and p a s s i v e  c o n t a m i n a t i o n  pane l s  w e r e  u s e d  
to d e t e r m i n e  the s u r f a c e  d e g r a d a t i o n  ( c o m p o s i t i o n  and r e l a t i v e  
p a r t i c l e  s i z e s  of the  exhaus t  depos i t s  and the change  in a b s o r p t i v i t y  
and e m i s s i v i t y )  of the m o d e l .  A s c h e m a t i c  of the pane l  l o c a t i o n s  on 
the  m o d e l  s u r f a c e  is p r e s e n t e d  in Fig .  6. P a s s i v e  c o n t a m i n a t i o n  
p a n e l s  c o n t a i n e d ' v a r i o u s  pa in ted ,  i n su l a t ed ,  and ab l a t ive  s p e c i m e n s  
(Fig .  8); the s u r f a c e ,  of the o t h e r  c o n t a m i n a t i o n  pane l s ,  as  wel l  as  
the m o d e l  s u r f a c e ,  was  c o a t e d  with  whi te  e n a m e l  paint  ( M I L - E - 5 5 5 6 ) .  

F o r  the  c h a r g e d  pane l  e x p e r i m e n t ,  t h r e e  pane l s  w e r e  i n s t a l l e d  
on the m o d e l  s u r f a c e  (F igs .  6 and 9). Us ing  a high vo l t age  t r a n s -  
f o r m e r ,  a pos i t i ve ,  nega t ive ,  and z e r o  c h a r g e  was  p l a c e d  on the t h r e e  
p a n e l s  as  i n d i c a t e d  by u t i l i z i n g  a vo l t age  d i v i d e r  and r e g u l a t o r .  

2.3.3 Solar Cell Panels 

The  s o l a r  ce l l  p a n e l s  (Fig .  10) had 210 n e g a t i v e  on pos i t i ve  
(N on P) s i l i c o n - t y p e  s o l a r  c e l l s  a r r a n g e d  in f ive s e r i e s  of 42 c e l l s  
wi th  e a c h  s e r i e s  c o n n e c t e d  in p a r a l l e l .  The  m a x i m u m  s o l a r  ce l l  
pane l  output  p o w e r  is a p p r o x i m a t e l y  3 3 0 0 m w  at 15v.  The N on P 
s i l i c o n - t y p e  s o l a r  c e l l s  a r e  s e n s i t i v e  to a r a d i a t i o n  bandwid th  of 400 
to 1200_A and c o n v e r t  a p p r o x i m a t e l y  10 p e r c e n t  of the to ta l  s o l a r  e n e r g y  
into p o w e r .  To p r o t e c t  the s o l a r  c e l l s  a g a i n s t  high e n e r g y ,  s h o r t  w a v e -  
l eng th  r a d i a t i o n ,  a s p e c t r a l l y  s e l e c t e d  g l a s s  f i l t e r  with a s h a r p  t r a n s -  
m i t t a n c e  cutoff  be low 400 A and b e t t e r  than  9 5 - p e r c e n t  t r a n s m i t t a n c e  at 
l o n g e r  w a v e l e n g t h s  is bonded  to e a c h  ce l l .  The  g l a s s  f i l t e r s  a r e  60 m i l s  
t h i ck  and t h e r e b y  p r o v i d e  c o n s i d e r a b l e  m i c r o m e t e o r i t e  e r o s i o n  p r o -  
t e c t i o n  f o r  the s o l a r  c e l l s .  

The  s o l a r  ce l l  p a n e l s  w e r e  c a l i b r a t e d  r e l a t i v e  to a s t a n d a r d  pane l  
both p r e -  and p o s t - f i r e .  The  c a l i b r a t i o n  c o n s i s t e d  of d e t e r m i n i n g  the 
v o l t a g e - c u r r e n t  (EI) c h a r a c t e r i s t i c  c u r v e s  fo r  both the t e s t  pane l  and 
the s t a n d a r d  pane l  at n e a r  i d e n t i c a l  cond i t i ons .  

The  s o l a r  ce l l  p a n e l s  u s e d  fo r  th is  t es t  p r o g r a m  w e r e  s p a r e  P e g a s u s  
( m e t e o r o i d  e x p l o r e r  p robe )  s o l a r  ce l l  m o d u l e s .  

2.3.4 Laser Equipment 

Two gas laser units provided high intensity, collimated light sources 
for the model surface reflectance and laser beam attenuation measure- 
ments. The changes in surface reflectance and laser beam attenuation 
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were measured by photomultiplier tubes (Qpm-I and -3, respectively) 
with narrow band-pass filters (I0 ~) centered at 6328 A. For the laser 
beam attenuation measurement, a Perkin-Elmer helium-neon (He-Ne) 
continuous wave (cw) gas laser unit (Fig. lla) with an 0.5-row output 
at 6328 A was used. The unit used for the surface reflectance meas- 
urements was a Spectra-Physics He-Ne cw gas laser (Fig. llb) with 
a 3-row output at 6328 A. 

2.3.5 Calorimeters 

Asymptotic-type calorimeters were used to measure the heating 
rate distribution along the surface of the model. Calibration curves 
from the manufacturer were used for data reduction. 

2.3.6 Radiation Measurements 

Exhaust plume radiance reflected from the model surface was 
measured with aophotomultiplier tube (Qpm-2) with a narrow band- 
pass filter (200 A) centered at 8400 A. The photomultiplier tube was 
calibrated in-place with a standard blackbody source. 

Total radiance of the exhaust plume was measured by a Gardon 
gage-type radiometer. Calibration curves from the manufacturer 
were used for data reduction. 

2.3.7 Optical Recorders 

Optical recorder devices were used to record characteristics 
of the exhaust plume. Recorder type, designation, frame rate, and 
film type are summarized in Table II. Timing marks (I00 cycles per 
second) were provided on the photographic film to determine the exact 
framing rate of the optical recorder. 

2.4 TEST CELL 

Test Cell J-4 (Fig. 4a) is the largest altitude test cell operating in 
the free world. It is a vertical test cell primarily designed for testing 
large rocket engines and entire propulsion systems (present thrust 
capability of 500, 000 ibf with a growth potential of I. 5 million Ibf) at 
pressure altitudes in excess of I00, 000 feet. An additional testing 
capability has been demonstrated in the 2, 000,000-cu-ft spray chamber 
of the test cell for investigating exhaust plume phenomena and space- 
craft contamination. The spray chamber is normally used for water- 
spray cooling the exhaust gases from large rocket engines. However, 

5 
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fo r  t e s t s  in the s p r a y  c h a m b e r ,  the w a t e r  coo l ing  s y s t e m s  a r e  s e c u r e d  
to p r o v i d e  a d r y  e n v i r o n m e n t .  By u s i n g  the c a l i b r a t i o n  e j e c t o r s  (low 
m a s s  f low s t e a m  e j e c t o r s  in the e x h a u s t  duct  sys t em}  in s e r i e s  wi th  
the e x h a u s t  m a c h i n e r y ,  p r e s s u r e  a l t i t udes  of a p p r o x i m a t e l y  130,000 fee t  
m a y  be ob t a ined  fo r  an inde f in i t e  p e r i o d  of t i m e .  

SECTION III 
PROC EDU RE 

As the  t e s t  h a r d w a r e  a r r i v e d  at the AEDC, it was  v i s u a l l y  in-  
s p e c t e d  and s t o r e d  to awai t  bui ldup in p r e p a r a t i o n  fo r  t e s t i ng .  All 
S- IVB r e t r o  m o t o r s  w e r e  s u b j e c t e d  to a s t r i n g e n t  r a d i o g r a p h i c  i n s p e c -  
t ion  with  the 2 5 - M e v  B e t a t r o n  m a c h i n e .  The  S-IVB i n t e r s t a g e  
a d a p t e r - C e n t a u r - p a y l o a d  m o d e l  was  a s s e m b l e d  on the d e f l e c t o r  p la te  
in the s p r a y  c h a m b e r ,  and al l  i n s t r u m e n t a t i o n  was  i n s t a l l ed ,  c o n n e c t e d ,  
and c h e c k e d  out (Sec t ion  2 .2) .  

A f t e r  m o t o r  bui ldup,  it was  t r a n s p o r t e d  to the t e s t  c e l l  and in-  
s t a l l e d  in the s u p p o r t  s t and .  The m o t o r  i n s t r u m e n t a t i o n  was  c o n n e c t e d ,  
and f ina l  v e r i f i c a t i o n  c h e c k o u t s  of i n s t r u m e n t a t i o n  and c o n t r o l  s y s t e m s  
w e r e  p e r f o r m e d .  

Upon c o m p l e t i o n  of a t m o s p h e r i c  c a l i b r a t i o n s ,  the t e s t  ce l l  was  
e v a c u a t e d  by the e x h a u s t  m a c h i n e r y  to a p p r o x i m a t e l y  0 .4  p s i a  p r i o r  to 
o p e r a t i o n  of the T e s t  Ce l l  J - 4  c a l i b r a t i o n  e j e c t o r s .  A f t e r  ob ta in ing  a 
m i n i m u m  c e l l  p r e s s u r e  ( a p p r o x i m a t e l y  0 .04  ps ia )  with the  c a l i b r a t i o n  
e j e c t o r s ,  a l t i t ude  c a l i b r a t i o n s  w e r e  a c c o m p l i s h e d  and the f inal  coun t -  
down s e q u e n c e  was  p e r f o r m e d .  

I m m e d i a t e l y  a f t e r  the m o t o r  f i r ing ,  the a i r  i n b l e e d  va lve  was  
p a r t i a l l y  opened  (a l lowing  a i r  c i r c u l a t i o n  down t h r o u g h  the  exhaus t  
d i f f u s e r  and up t h r o u g h  the  s p r a y  c h a m b e r }  to r e m o v e  the r e t r o  m o t o r  
e xha us t  f r o m  the s p r a y  c h a m b e r  and to e s s e n t i a l l y  e l i m i n a t e  con-  
t a m i n a t i o n  fa l lout  on the s u r f a c e  of the m o d e l .  Af t e r  the t e s t  ce l l  was  
r e t u r n e d  to a t m o s p h e r i c  cond i t i ons ,  the t e s t  h a r d w a r e  was  v i s u a l l y  
i n s p e c t e d  and d o c u m e n t e d  p h o t o g r a p h i c a l l y .  The  spent  S- IVB r e t r o  
m o t o r  was  r e m o v e d  f r o m  the t e s t  c e l l  and r e t u r n e d  to the r o c k e t  p r o -  
p a r a t i o n  a r e a  f o r  p o s t - f i r e  i n s p e c t i o n .  The  c o n t a m i n a t i o n  p a n e l s  w e r e  
r e t u r n e d  to NASA and The  B o e i n g  C o m p a n y  fo r  eva lua t i on  of the  c o m -  
p o s i t i o n  and r e l a t i v e  p a r t i c l e  s i z e  of the  exhaus t  d e p o s i t s  and change  
in s u r f a c e  a b s o r p t i v i t y  and e m i s s i v i t y .  The s o l a r  ce l l  pane l  was  
c a l i b r a t e d  to d e t e r m i n e  the d e g r a d a t i o n  of the pane l  p e r f o r m a n c e .  The  
m o d e l  s u r f a c e  was  c l e a n e d  and a new se t  of c o n t a m i n a t i o n  p a n e l s  was  
i n s t a l l e d  on the m o d e l  fo r  the  s u b s e q u e n t  t e s t s .  
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SECTION IV 
RESULTS AND DISCUSSION 

Five tests were conducted in the spray chamber of Test Cell J-4 
with retro motor ignitions at pressure altitudes of approximately 
130,000 ft. Data collected to accomplish the test objectives are 
discussed in the following sections. A summary of the test conditions 
and results is presented in Table III. 

4.1 CONTAMINATION PANEL DEGRADATION 

Passive contamination panels were used to measure the model 
surface degradation resulting from the deposition of exhaust particles 
during the retro motor firings. These panels contained various 
painted, insulated, and ablative specimens (Fig. 8). The types of 
panels used for each test are summarized in Table IV. 

4.1.1 General 

Post-fire inspection of the contamination panels and the model 
surface revealed exhaust particle streaks, gray and black exhaust 
particle deposits, specimen ablation and discoloration, and paint 
,blisters (Fig. 12). Gray exhaust particle deposits identified pri- 
marily as aluminum and iron oxides (Section 4. i. 2) were the most 
predominant type of contamination observed along the model surface. 
This type deposit was distributed over the entire model with the ex- 
ception of the region near the base of the interstage adapter. In 
this region, black exhaust particle deposits were concentrated. These 
deposits were attributed to recirculation deposition of low momentum 
particles from the igniter and throat liner during the ignition and tail- 
off phases of motor operation, respectively. Microscopic inspection 
of these stratified deposits of exhaust particles revealed that igniter 
particles (magnesium and boron) were deposited initially. In addition, 
the buildup of black deposits in this region was observed by optical 
recorders during motor tailoff. 

The exhaust particle streaks observed on the surface of the model 

after tests -01 and -02 were attributed to the charred paint on the 

exterior of the nozzle exit cone (Fig. 13) being entrained into the retro 

e.~haust and deposited on the model surface. The removal of the paint 
from the nozzle exit cone for subsequent tests eliminated the streaking 

phenomena. 

7 



AEDC-TR-66-57 

S p e c i m e n  d i s c o l o r a t i o n  w a s  a c o m m o n  o c c u r r e n c e  on t e s t s  in  w h i c h  
t h e  s p e c i m e n - t y p e  p a n e l s  w e r e  u s e d .  D i s c o l o r a t i o n  r e s u l t e d  f r o m  a 
c o m b i n a t i o n  of s u r f a c e  h e a t i n g  a n d  c o n t a m i n a t i o n .  

P a i n t  b l i s t e r s  o c c u r r e d  on t h e  S - 1 3  p a i n t  s p e c i m e n  w h i c h  w a s  
m o u n t e d  a t  a 4 5 - d e g  a n g l e  to  t h e  r e t r o  e x h a u s t  f l o w  a n d  a p p r o x i m a t e l y  
50 ft d o w n s t r e a m  f r o m  t h e  n o z z l e  e x i t  p l a n e .  

4.1.2 Exhaust Particle Deposits 

E m i s s i o n  s p e c t o g r a p h i c ,  X - r a y  d e f r a c t i o n ,  a n d  c h e m i c a l  s p o t -  
t e s t i n g  t e c h n i q u e s  w e r e  u s e d  to d e t e r m i n e  t h e  c o n s t i t u e n t s  of t h e  e x h a u s t  
p a r t i c l e  d e p o s i t s .  T h e  m a j o r  c o n s t i t u e n t s  w e r e  a l u m i n u m  a n d  i r o n  
o x i d e s  w i t h  t r a c e s  of  i r o n  a n d  a l u m i n u m  c h l o r i d e  a n d  s i l i c a t e s ,  c a r b o n ,  
m a g n e s i u m ,  b o r o n ,  and  t i t a n i u m  o x i d e .  

M i c r o s c o p i c  i n v e s t i g a t i o n  of t h e  p a r t i c l e  s i z e  ( F i g .  14) i n d i c a t e d  
t h a t  t h e  m a j o r i t y  of  t h e  p a r t i c l e s  w e r e  1 to  10 ~ in s i z e .  H o w e v e r ,  
m a n y  p a r t i c l e s  r a n g e d  in s i z e  f r o m  20 to  60 ~, and  a f e w  p a r t i c l e s  w e r e  
a s  l a r g e  a s  4 0 0 ~ .  

4.1.3 Panel Surface Erosion 

M i c r o s c o p i c  i n s p e c t i o n  of  t h e  d i s c - t y p e  c o n t a m i n a t i o n  p a n e l s  
( F i g .  14) r e v e a l e d  e r o s i o n  of  t h e  p a i n t e d  s u r f a c e  by  t h e  r e t r o  e x h a u s t  
p a r t i c l e s .  M a x i m u m  e r o s i o n  of  12 to  14 # in  d e p t h  o c c u r r e d  on  
p a n e l  IV. T h e  e r o s i o n  w a s  o b s e r v e d  on  p a n e l s  II t h r o u g h  VII .  T h e  
p a i n t e d  s u r f a c e  o f  t h e  m o d e l  e r o d e d  to  t h e  z i n c  c h r o m a t e  p r i m e r  a n d  
b a r e  a l u m i n u m  in  a 5-  to  1 5 - f t  i n t e r v a l  d o w n s t r e a m  of  t h e  n o z z l e  e x i t  
p l a n e  ( F i g .  15) d u r i n g  t h e  c o u r s e  of  t h e  t e s t  p r o g r a m .  

4.1.4 Absorptivity and Emissivity 

A n a l y s i s  of  t h e  c h a n g e  in s u r f a c e  a b s o r p t i v i t y  of  v a r i o u s  s p e c i m e n s  
on t h e  c o n t a m i n a t i o n  p a n e l s  h a s  n o t  b e e n  c o m p l e t e d  and ,  t h e r e f o r e ,  
c a n n o t  be  i n c l u d e d  in t h i s  r e p o r t .  H o w e v e r ,  p r e l i m i n a r y  d a t a  w e r e  ob -  
t a i n e d  by  u s i n g  a p o r t a b l e  r e f l e c t o m e t e r  to  a n a l y z e  t h e  c h a n g e  in  s u r -  
f a c e  r e f l e c t a n c e  o f  one  s p e c i m e n  p e r  c o n t a m i n a t i o n  p a n e l .  P r e -  a n d  
p o s t - f i r e  r e f l e c t a ~ n c e  d a t a  a s  a f u n c t i o n  w a v e l e n g t h  f o r  t h e  b a r e  
a l u m i n u m ,  S - 1 3  p a i n t ,  w h i t e  e n a m e l ,  z i n c  c h r o m a t e ,  and  i n s u l f l o r  
s p e c i m e n s  a r e  p r e s e n t e d  in F i g .  16. A r e f e r e n c e  p a n e l ,  c o a t e d  w i t h  
w h i t e  e n a m e l  p a i n t  ( M I L - E - 5 5 5 6 ) ,  w a s  p o s i t i o n e d  o u t s i d e  t h e  e x h a u s t  
p l u m e  on  t h e  d e f l e c t o r  p l a t e  to  m e a s u r e  t h e  c o n t a m i n a t i o n  f a l l o u t  on  t h e  
m o d e l  a f t e r  t h e  r e t r o  m o t o r  f i r i n g s .  T h e  c h a n g e  in s u r f a c e  r e f l e c t a n c e  
o f  t h e  r e f e r e n c e  p a n e l  a n d  t h e  J o h n s o n  c u r v e  (Ref .  3) o f  s o l a r  r a d i a t i o n  
a r e  a l s o  i n c l u d e d  in F i g .  16 f o r  c o m p a r i s o n  p u r p o s e s .  

8 
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Analysis of the change in surface emissivity for the various 
specimens on the contamination panels has not been completed. How- 
ever, preliminary data indicated no appreciable change in the emis- 
sivity of the specimens with the exception of bare aluminum which 
increased from 0. 12 to approximately 0. 17. 

4.1.5 Charged Panel Effect 

Because of the limited amount of data obtained, the results of the 
experiment were inconclusive. 

4.2 SOLAR CELL PERFORMANCE 

Three identical solar cell panels, used separately in tests -01, 

-02, and -03, were located on the model surface (approximately 36 ft 
downstream from the nozzle exit plane) in a position comparable with 

two much larger solar cell panels of the Pegasus satellite on the 

Saturn IB-Centaur vehicle. The Pegasus satellite has four large solar 
cell panels with 6300 cells on each panel as compared to 210 solar 

cells on each test panel. The orientation of the solar cell panel rela- 
tive to the flow of the S-IVB retro motor exhaust was unique for each 

of these three tests. For tests -01 and -02, the panels were installed 
parallel to the model surface, and the retro motors were fired at 

II.5- and 0-deg angles, respectively, upward from the model surface. 

For test -03, the panel was installed perpendicular to both the model 
surface and the retro motor exhaust flow. 

P o s t - f i r e  i n s p e c h o n  of the s o l a r  ce l l  p a n e l s  fo r  t e s t s  -01 and -02 
r e v e a l e d  n o n u n i f o r m ,  g ray ,  exhaus t  p a r t i c l e  d e p o s i t s  ( p r i m a r i l y  
a l u m i n u m  and i ron  oxides)  on the  p a n e l s  and no p h y s i c a l  d a m a g e  to the 
s o l a r  c e l l s .  F o r  t h e s e  t e s t s ,  d e g r a d a t i o n  of the s o l a r  ce l l  p a n e l s  
p e r f o r m a n c e  was 6 .0  and 26 .6  p e r c e n t ,  r e s p e c t i v e l y .  F o r  t e s t  -03,  
p o s t - f i r e  i n s p e c t i o n  r e v e a l e d  c o n s i d e r a b l e  d a m a g e  to the s o l a r  c e l l s  
in add i t i on  to u n i f o r m ,  g r a y ,  exhaus t  p a r t i c l e  d e p o s i t s .  D e g r a d a t i o n  
of the  s o l a r  ce l l  pane l  p e r f o r m a n c e  for  th is  t e s t  was  89.7  p e r c e n t .  
Al though  the c o n c e n t r a t i o n  of the exhaus t  p a r t i c l e  d e p o s i t s  on the  s o l a r  
ce l l  p a n e l s  i n c r e a s e d  in the o r d e r  of the f i r i n g s ,  the s e v e r e  89. 7 - p e r c e n t  
d e g r a d a t i o n  of the s o l a r  ce l l  pane l  p e r f o r m a n c e  r e s u l t e d  m a i n l y  f r o m  
the e x t e n s i v e  d a m a g e  to the s o l a r  c e l l s .  A c o m p a r i s o n  b e t w e e n  the  s o l a r  
c e l l  pane l  d e g r a d e d  on t e s t  -03 and the  s t a n d a r d  c a l i b r a t i o n  pane l  is p r e -  
s e n t e d  in Fig .  17. 

A c a l i b r a t i o n  r a c k ,  c o n s i s t i n g  of a 3500-w l a m p  bank with  a w a t e r  
f i l t e r  to s u f f i c i e n t l y  r e d u c e  the i n f r a r e d  o r  hea t  r a d i a t i o n  i n c i d e n c e  
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u p o n  t h e  s o l a r  c e l l s ,  w a s  u s e d  to  c a l i b r a t e  t h e  s o l a r  c e l l  p a n e l s  ( F i g .  18a).  
D e g r a d a t i o n  of  t he  s o l a r  c e l l  p a n e l  p e r f o r m a n c e  r e l a t i v e  to  t h e  s t a n d a r d  
p a n e l  w a s  d e t e r m i n e d  u s i n g  t he  c h a n g e  in m a x i m u m  o u t p u t  p o w e r  m e a s -  
u r e d  d u r i n g  p r e -  and  p o s t - f i r e  c a l i b r a t i o n s  of  b o t h  p a n e l s .  T y p i c a l  EI  
c h a r a c t e r i s t i c  c u r v e s  p e r f o r m e d  on t h e  s o l a r  c e l l  p a n e l s  d u r i n g  t h e s e  
c a l i b r a t i o n s  a r e  p r e s e n t e d  in F i g .  18b. 

t% 2 0 0 0 - w  l a m p  b a n k  w a s  s u s p e n d e d  a p p r o x i m a t e l y  20 ft d i r e c t l y  
a b o v e  t h e  s o l a r  c e l l  p a n e l  to  e x c i t e  t h e  s o l a r  c e l l s  p r i o r  to,  d u r i n g ,  and  
a f t e r  t h e  r e t r o  m o t o r  f i r i n g s .  H o w e v e r ,  t h e  i n t e n s i t y  of  t h e  l a m p  b a n k  
w a s  i n a d e q u a t e  to  e x c i t e  the  p a n e l s  to  a s u f f i c i e n t  o u t p u t  p o w e r  l e v e l  r e -  
q u i r e d  to  o b t a i n  q u a l i t a t i v e  r e s o l u t i o n  f o r  s o l a r  c e l l  p a n e l  p e r f o r m a n c e  
m e a s u r e m e n t s .  T h e  l u m i n o s i t y  of  t h e  e x h a u s t  p l u m e  w a s  a p p r o x i m a t e l y  
a n  o r d e r  of  m a g n i t u d e  g r e a t e r  t h a n  t he  l a m p  b a n k  in t h e  400-  to  1200- .4  
b a n d w i d t h .  

4.3 MODEL SURFACE PRESSURE AND HEAT RATE DISTRIBUTION 

P r e s s u r e  a n d  h e a t  f l u x  t r a n s d u c e r s  d e f i n e d  t h e  m o d e l  s u r f a c e  p r e s -  
s u r e  a n d  h e a t i n g  r a t e  d i s t r i b u t i o n s  r e s u l t i n g  f r o m  t h e  e x h a u s t  i m p i n g e -  
m e n t  of  t h e  S - I V B  r e t r o  m o t o r .  Of p a r t i c u l a r  i n t e r e s t  w e r e  t h e  d i s t i n c t  
d a t a  t r e n d s  ( F i g s .  19 a n d  20) of  t h e  m e a s u r e d  p r e s s u r e s  a n d  h e a t i n g  
r a t e s  w h i c h  o c c u r r e d  f o r  r e t r o  m o t o r  f i r i n g s  at  0- a n d  1 1 . 5 - d e g  a n g l e s .  
P r o f i l e s  of  m a x i m u m  m e a s u r e d  p r e s s u r e  a n d  h e a t i n g  r a t e  at  e a c h  s e n -  
s o r  l o c a l e  on  t h e  m o d e l  s u r f a c e ,  i . e . ,  in  a 4 . 0 -  to  l l . 5 - f t  i n t e r v a l  
d o w n s t r e a m  of  t h e  n o z z l e  e x i t  p l a n e ,  a r e  p r e s e n t e d  in F i g s .  21 a n d  22. 
T h e  l o c a t i o n  of  t h e  M a c h  d i s c ,  a s  o b s e r v e d  f r o m  o p t i c a l  r e c o r d e r s  
( S e c t i o n  4 . 6 ) ,  s e v e r a l  f e e t  b e y o n d  t h e  l a s t  p r e s s u r e  a n d  h e a t  f l u x  s e n -  
s o r s  i n d i c a t e s  t h a t  e x t r a p o l a t i o n  of  t h e s e  c u r v e s  w o u l d  no t  c o m p l e t e l y  
d e f i n e  t h e  p r e s s u r e  a n d  h e a t i n g  r a t e  p r o f i l e s  a l o n g  t h e  m o d e l  s u r f a c e .  
/%lthough t h e  e f f e c t  o f  t h e  M a c h  d i s c  on s u r f a c e  h e a t i n g  w a s  n o t  d e f i n e d ,  
i t s  v e r y  n a t u r e  ( i n c r e a s e  in  t e m p e r a t u r e  and  p r e s s u r e )  a n d  o b s e r v e d  
i n t e n s i t y  a r e  i n d i c a t i v e  of  i t s  s i g n i f i c a n c e .  

M e a s u r e d  h e a t i n g  r a t e s  a l o n g  t h e  m o d e l  s u r f a c e  w e r e  e s s e n t i a l l y  
a d i r e c t  f u n c t i o n  of  t h e  l o c a l  p r e s s u r e  ( F i g .  23).  T h e  l o c a l  p r e s s u r e s  
w e r e  c o m b i n a t i o n s  of  m o d e l  s u r f a c e  s t a t i c  a n d  d y n a m i c  p r e s s u r e s .  
T h e  d y n a m i c  p r e s s u r e  c o m p o n e n t  r e s u l t e d  f r o m  t h e  i m p i n g e m e n t  a n g l e  
of  t h e  r e t r o  m o t o r  e x h a u s t  and  t h e r e f o r e  d e c r e a s e d  w i t h  an  i n c r e a s e  in 
d i s t a n c e  f r o m  t h e  n o z z l e  e x i t  p l a n e .  

/% s t u d y  of  t h e  t e s t  d a t a  w a s  c o n d u c t e d  to  d e t e r m i n e  t h e  e f f e c t  t h a t  
p r e s s u r e  a l t i t u d e  h a d  on t he  m e a s u r e d  e x h a u s t  i m p i n g e m e n t  h e a t i n g  
r a t e s  on  t h e  m o d e l  s u r f a c e .  /% n o t i c e a b l e  p r e s s u r e  a l t i t u d e  e f f e c t  w a s  
o b s e r v e d  f o r  t h e  t e s t s  w i t h  r e t r o  m o t o r  f i r i n g s  a t  an  1 1 . 5 - d e g  a n g l e .  
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The results of the study are presented in Fig. 24. Extrapolation of 
these curves indicates the heating rates to be expected at higher 
altitudes. 

For the tests with retro motor firings at a 0-deg angle, it was 
observed that the heating rates increased with a decrease in pressure 
altitude (Fig. 20). This increase is attributed to a reduction in the 
free expansion characteristics of an exhaust plume and resulted in the 
movement of the exhaust impingement plane toward the pressure and 
heat flux transducers and an increase in the exhaust plume static 
pressure. 

4.4 LASER EXPERIMENTS 

The laser experiments were conducted during this test program 
to determine (I) change in surface reflectance of the model, and 
(2) laser beam attenuation through a retro motor exhaust. Two gas 
laser units provided high intensity, collimated light sources for these 
exper~iments. 

4.4.1 Surface Reflectance 

Disc-type contamination panels, designated I through VIII, were 
mounted on the model to implement the surface reflectance experi- 
ment. The objectives of the experiment were to determine (1) the 
change in surface reflectance of panel III as a function of motor firing 
time and (2) the total change in surface reflectance of each panel along 
the model surface. 

To determine the reflectance of panel III as a f~nction of motor 
firing time, measurements were taken during the firings with both the 
laser beam incident on the panel and the detector (Qpm-l) viewing the 
panel at 45-deg angles (Fig. 25). Inconclusive data were obtained on 
tests -01 and -02 as a result of interference experienced by the intense 
luminosity of the exhaust plume. For subsequent tests, interference 
was reduced sufficiently by the addition of a limited view adapter and 
I0-/~ band-pass filter to the detector. The surface refleetance of the 
panel was measured during test -03. To determine the plume 
radiance effects, the panel reflectance was measured on a subsequent 
test with the same retro motor firing configuration but without tne 
laser unit on. The difference between these measurements (Fig. 26) 
was considered to be the surface reflectance of a laser beam as a 
function of time. The initial change in reflectance was attributed to 
the deposition of igniter particles on the panel as indicated by the 
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m i c r o s c o p i c  i n s p e c t i o n  of the s t r a t i f i e d  exhaus t  p a r t i c l e  d e p o s i t s .  
D u r i n g  m o t o r  o p e r a t i o n ,  the d e p o s i t i o n  of exhaus t  p a r t i c l e s  on the pane l  
e r o d e d  the i g n i t e r  d e p o s i t s  ( t h e r e b y  i n c r e a s i n g  the r e f l e c t a n c e  t e m -  
p o r a r i l y )  as wel l  as  pa in t  f r o m  the pane l  (Fig .  14). 

The  m o d e l  s u r f a c e  r e f l e c t a n c e  of the  exhaus t  p l u m e  r a d i a n c e  was  
m e a s u r e d  by a n o t h e r  d e t e c t o r  (Qpm-2)  v i e w i n g  pane l  III at a 4 5 - d e g  
ang le  (Fig .  25). R e f l e c t e d  exhaus t  p l u m e  r a d i a n c e  da ta  a r e  p r e s e n t e d  
in Fig .  27. The p e a k s  w h i c h  o c c u r r e d  at r e t r o  m o t o r  ign i t ion  and 
ta i lo f f  w e r e  a t t r i b u t e d  to the i n t e n s e  l u m i n o s i t y  of the Mach d i sc  ob- 
s e r v e d  f r o m  op t i ca l  r e c o r d e r s .  T h e s e  p e a k s  c o r r e l a t e d  in t i m e  with  
the l o c a t i o n  of the Mach  d isc  in the f ie ld  of v i ew of the d e t e c t o r .  

The  to ta l  c h a n g e  in s u r f a c e  r e f l e c t a n c e  of the r e m a i n i n g  p a n e l s  
was  d e t e r m i n e d  by i n t e r c h a n g i n g  t h e i r  pos i t i ons ,  one at a t i m e ,  wi th  
pane l  III and r e c o r d i n g  s u r f a c e  r e f l e c t a n c e  of the  l a s e r  b e a m  p r e -  and 
p o s t - f i r e .  The  da ta  f r o m  t h e s e  m e a s u r e m e n t s  a r e  p r e s e n t e d  in 
F ig .  28 and T a b l e  V. As i n d i c a t e d  by t h e s e  c u r v e s ,  the h e a v i e s t  con-  
c e n t r a t i o n  of d e p o s i t s  was  l o c a t e d  at  the  b a s e  of the i n t e r s t a g e  a d a p t e r  
fo r  the t e s t s  with r e t r o  m o t o r  f i r i n g s  at a 0 - d e g  angle ,  and a p p r o x i -  
m a t e l y  5 ft d o w n s t r e a m  f r o m  the a d a p t e r  fo r  t e s t s  with r e t r o  m o t o r  
f i r i n g s  at an 1 1 . 5 - d e g  ang le  (Sec t ion  4. 1. 1). 

4.4.2 Laser Attenuation 

The a r r a n g e m e n t  of l a s e r  uni t  No. 2 and the d e t e c t o r  (Qpm-3)  fo r  
m e a s u r i n g  the  l a s e r  b e a m  a t t e n u a t i o n  t h r o u g h  the r e t r o  m o t o r  exhaus t  
p l u m e  is p r e s e n t e d  in F ig .  25. The  l a s e r  b e a m  t r a n s v e r s e d  the  ex-  
h a u s t  p l u m e  at a p p r o x i m a t e l y  8 ft d o w n s t r e a m  f r o m  the  n o z z l e  exi t  
p l ane .  

I n c o n c l u s i v e  da ta  w e r e  ob ta ined  on t e s t s  -01, -02, and °03 as a 
r e s u l t  of i n t e r f e r e n c e  e x p e r i e n c e d  by the  i n t e n s e  l u m i n o s i t y  of the  
e x h a u s t  p l u m e .  F o r  s u b s e q u e n t  t e s t s ,  the p l u m e  r a d i a t i o n  was  
s e p a r a t e d  f r o m  the l a s e r  b e a m  by the  add i t ion  of a l i m i t e d  v iew 
a d a p t e r  and a 10-/~ b a n d - p a s s  f i l t e r  to the d e t e c t o r  and a 5 0 - c p s  chop-  
p e r  on the l a s e r  uni t .  

P o s t - f i r e  i n s p e c t i o n  of the l a s e r  uni t  r e v e a l e d  a f i lm  of e x h a u s t  
p a r t i c l e s  on the  c l e a r  s e c t i o n s  of the P l e x i g l a s  ® d i sc  u s e d  to chop  the l a s e r  
b e a m .  S p e c t r o g r a p h i c  and d e n s i t y  count  a n a l y s i s  i n d i c a t e d  a p r e -  
d o m i n a n c e  of p a r t i c l e s  in the 1- to 2-~ s i z e  r a n g e  which  n u m b e r e d  
88 p a r t i c l e s / c m 2 .  R e c o r d e d  da ta  r e v e a l e d  a p p r o x i m a t e l y  5 0 - p e r c e n t  
a t t e n u a t i o n  of the l a s e r  b e a m  r e f l e c t a n c e  a f t e r  the  m o t o r  f i r i n g s .  The  
da ta  w e r e  c o r r e c t e d  on the a s s u m p t i o n  that  the  p a r t i c l e s  w e r e  de -  
p o s i t e d  on the  P l e x i g l a s  d i s c  l i n e a r l y  with t i m e .  The  c o r r e c t e d  da ta  
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of laser transmittance through the exhaust plume are presented in 
Fig. 29. The laser beam attenuation for tests with 0- and ll.5-deg 
angle firings was 22 and 12 percent, respectively. 

4.5 EXHAUST PLUME RADIANCE 

Inconclusive data were obtained from total radiance of the exhaust 
plume measurement as a result of the inaccuracy of the radiometer in 
the range of the measured radiation. During each test, the radiometer 
operated in the lower 0.25 percent of its full-scale range. 

4.6 EXHAUST PLUME CHARACTERISTICS 

Optical data defined the exhaust core formed by the more luminous 
aluminum oxide particles, aerodynamic recompression of the gases 
on the plume centerline (_Mach disc), and a smoke ring phenomena which 
occurred during motor ignition. Photographs showing the typical 
exhaust plume characteristics for retro motor firings at both 0- and 
ll. 5-deg angles are presented in Fig. 30. 

4.7 MOTOR PERFORMANCE 

The motors were successfully ignited at pressure altitudes of 
approximately 130, 000 ft. The ambient pressure altitudes experienced 
by the motor during each firing are presented in Fig. 31. 

Motor chamber pressure data indicated that the motors performed 
satisfactorily. The envelope of motor chamber pressure measured 
during this test program is presented in Fig. 32. The observed smooth 
chamber pressure tailoff indicates shutdown stability of the S-IVB 
retro motor at altitude conditions. 

Post-fire inspection of the motors revealed that a portion of the 
igniters had remained intact and that unburned propellant slivers re- 
mained in tne motor" case. A post-fire photograph of a typical igniter 
is presented in Fig. 33. 

13 
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SECTION V 
SUMMARY OF RESULTS 

T h e  r e s u l t s  of  t h e  f i v e  t e s t s  a t  s i m u l a t e d  a l t i t u d e  c o n d i t i o n s  in  t h e  
s p r a y  c h a m b e r  of  T e s t  C e l l  J - 4  a r e  s u m m a r i z e d  a s  f o l l o w s :  

. T h e  d a t a  o b t a i n e d  f r o m  t h i s  p r o g r a m  d e m o n s t r a t e d  t h e  
c a p a b i l i t y  f o r  i n v e s t i g a t i n g  s u r f a c e  c o n t a m i n a t i o n  a n d  e x h a u s t  
p l u m e  i m p i n g e m e n t  h e a t i n g  e f f e c t s  on f u l l - s c a l e  s p a c e  
v e h i c l e s  a t  s i m u l a t e d  a l t i t u d e  c o n d i t i o n s  in t h e  s p r a y  c h a m b e r  
o f  t h e  T e s t  C e l l  J - 4 .  

. R e m o v a l  of  t h e  p a i n t  f r o m  t h e  e x t e r i o r  of  t h e  n o z z l e  e x i t  c o n e  
e l i m i n a t e d  t h e  e x h a u s t  p a r t i c l e  s t r e a k i n g  p h e n o m e n a  on  t h e  
m o d e l  s u r f a c e .  

3. T h e  m a j o r  c o n s t i t u e n t s  of  t h e  e x h a u s t  p a r t i c l e  d e p o s i t s  on  t h e  
c o n t a m i n a t i o n  p a n e l s  w e r e  i r o n  a n d  a l u m i n u m  o x i d e s .  

4. T h e  p r e d o m i n a n t  s i z e  of  t h e  e x h a u s t  p a r t i c l e s  d e p o s i t e d  on  t h e  
c o n t a m i n a t i o n  p a n e l s  w a s  a p p r o x i m a t e l y  1 to  1 0 # .  H o w e v e r ,  
m a n y  p a r t i c l e s  r a n g e d  in s i z e  f r o m  20 to  60 ~, and  a f e w  
p a r t i c l e s  w e r e  a s  l a r g e  a s  400 ~. 

5. E r o s i o n  of  c o n t a m i n a t i o n  p a n e l s  w a s  a s  d e e p  a s  12 to  14 
a n d  o c c u r r e d  o v e r  a 4 -  to  3 0 - f t  i n t e r v a l  d o w n s t r e a m  f r o m  t h e  
n o z z l e  e x i t  p l a n e .  

6. T h e  p e r f o r m a n c e  d e g r a d a t i o n  of  t h e  s o l a r  c e l l  p a n e l s  i n s t a l l e d  
on  t h e  m o d e l  p a r a l l e l  t o  t h e  s u r f a c e  w a s  2 6 . 6  a n d  6 . 0  p e r c e n t  
f o r  t h e  t e s t s  w i t h  r e t r o  m o t o r  f i r i n g s  at  0-  a n d  1 1 . 5 - d e g  
a n g l e s ,  r e s p e c t i v e l y .  

7. S u r f a c e  p r e s s u r e  a n d  h e a t i n g  r a t e  d i s t r i b u t i o n  on t h e  m o d e l  
w a s  m a r k e d l y  d i f f e r e n t  f o r  t e s t s  w i t h  r e t r o  m o t o r  f i r i n g s  at  
0-  a n d  1 1 . 5 - d e g  a n g l e s .  P r o f i l e s  of  m a x i m u m  s u r f a c e  p r e s -  
s u r e s  a n d  h e a t i n g  r a t e s  a l o n g  t h e  m o d e l  s u r f a c e  w e r e  d e f i n e d  
in  a 4 . 0 -  to  1 1 . 5 - f t  i n t e r v a l  d o w n s t r e a m  f r o m  t h e  n o z z l e  e x i t  
p l a n e .  

8. T h e  l a s e r  b e a m  a t t e n u a t i o n  t h r o u g h  t h e  e x h a u s t  p l u m e  w a s  22 
a n d  12 p e r c e n t  f o r  t h e  t e s t s  w i t h  r e t r o  m o t o r  f i r i n g  at  0-  a n d  
1 1 . 5 - d e g  a n g l e s ,  r e s p e c t i v e l y .  
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Fig. ] Saturn 1B-Centaur Vehicle 
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Fig. 2 Centaur-Payload Shroud Arrangement 
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E x h a u s t  
D u c t i n g  

Diffuser ~ p r a y  R i n g s  

Deflector P l a t e  S-[VB R e t r o  M o t o r  
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a. Test Cell Complex 

Fig. 4 Cutaway Drawing of Test Cell J-4 
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b. Deflector Plate Test Site 

Fig. 4 Concluded 
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A EDC-TR-66-57 

Column Number Specimen Identification 

Aluminum Paint 
M-31 Insulation 
Porcelain Enamel 
S-13 Paint 
Insulfor Coating 
ZnCrO 4 Primer 
White Enamel Paint 
Bare Aluminum 

a. Painted and Insulated Specimens 

Fig. 8 Identification of Contamination Panel Specimens 
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A EDC-TR-66-57 

m 

"7 

®0 

Specimen Identification 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
ii 
12 
13 

14 
15 

16 

P o t a s s i u m  s i l i c a t e  z i n c  o x i d e  c o a t i n g  
P o l y e s t e r ,  a l u m i n u m - p i g m e n t e d  p a i n t  
A l a d i n e  4 0 7 - 4 1  
T e f l o n  s p r a y  on  No.  170  H e a t r e m  
SiO on a l u m i n u m  on  S c h j e l d a h l  t a p e  
C h e c k e r b o a r d  a l u m i n u m  a n d  ZnO p a i n t  i n  c l e a r  

H e a t r e m  b i n d e r  
1 0 0 - 1 3  f i b e r  g l a s s  c l o t h  o v e r  a l u m i n u m  f o i l  
O x a l i c  a c i d  on  A p o l l o  a b l a t o r  m a t e r i a l  
Camphor  c o a t i n g  o v e r  S a r a n  Wrap on  No.  170  H e a t r e m  
A l a d l n e  4 0 7 - 4 1  c o a t e d  w i t h  c a m p h o r  
Camphor  a n d  p o l y e t h y l e n e  on  A p o l l o  a b l a t o r  m a t e r i a l  
B e n z o i c  a c i d  on  A p o l l o  a b l a t o r  m a t e r i a l  
Camphor  c o a t i n g  o v e r  SIO on  a l u m i n u m  on  S c h j e l d a h l  

t a p e  
S a r a n  Wrap on  No. 170  H e a t r e m  
Camphor  c o a t i n g  o v e r  c h e c k e r b o a r d  a l u m i n u m  a n d  ZnO 

p a i n t  i n  c l e a r  H e a t r e m  b i n d e r  
Camphor  c o a t i n g  o v e r  1 0 0 - 1 3  f i b e r  g l a s s  c l o t h  o v e r  

aluminum loll 

b. Ablative Specimens 

Fig. 8 Concluded 
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Fig. 10 Typical Solar Cell Panel 
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AEDC-TR-66 -57  

Exhaust Particle De ~Paint Blisters k~mm 

~'. ~ 

~- %:: '  4~d;. 
i I 

"7  

,,~ ,% ,  

i- 

@ ® ® ® ® 

Column Number Specimens 

1 
2 
3 
4 
5 

I n s u l f o r  C o a t i n g  
ZnCrO 4 P r i m e r  
W h i t e  E n a m e l  
S-13 Paint 
Bare Aluminum 

b. Painted and Insulated Contamination Panel Specimens 

Fig. 12 Continued 
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A EDC-TR-66-57 

Specimen Identification 

1 
2 
3 
4 

7 
8 
9 

10 
I I  
12 
13 

14 
15 

16 

P o t a s s i u m  s i l i c a t e  z i n c  o x i d e  c o a t i n g  
P o l y e s t e r ,  a l u m i n u m - p i g m e n t e d  p a i n t  
A l a d i n e  4 0 7 - 4 1  
T e f l o n  s p r a y  on No.  170 H e a t r e m  
SiO on a luminum on S c h J e l d a h l  t a p e  
C h e c k e r b o a r d  a luminum and ZnO p a i n t  i n  c l e a r  

H e a t r e m  b i n d e r  
100 -13  f i b e r  g l a s s  c l o t h  o v e r  a luminum f o i l  
O x a l i c  a c i d  on A p o l l o  a b l a t o r  m a t e r i a l  
Camphor c o a t i n g  o v e r  S a r a n  Wrap on No. 170 H e a t r e m  
A l a d i n e  4 0 7 - 4 1  c o a t e d  w i t h  cam phor  
Camphor and p o l y e t h y l e n e  on A p o l l o  a b l a t o r  m a t e r i a l  
B e n z o i c  a c i d  on A p o l l o  a b l a t o r  m a t e r i a l  
Camphor c o a t i n g  o v e r  SiO on a luminum on S c h j e l d a h l  

t a p e  
S a r a n  Wrap on No. 170 H e a t r e m  
Camphor c o a t i n g  o v e r  c h e c k e r b o a r d  a luminum and ZnO 

p a i n t  i n  c l e a r  H e a t r e m  b i n d e r  
Camphor c o a t i n g  o v e r  1 0 0 - 1 3  f i b e r  g l a s s  c l o t h  o v e r  

a luminum f o i l  

c. Ablative Contamination Panel Specimens 

Fig. 12 Concluded 
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A EDC-TR-66-57 

a .  Exhaust Particle Clusters 

b. Exhaust ParticJes and Surface Erosion 

Fig. 14 Typical Microscopic Inspection of Contamination Panels 
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A EDC-TR-66-57 

E x h a u s t  P a r t i c l e ~ : _ ~ . / : : ( ( ~  ,-,. - 

c~ Large Exhaust P a r t i c l e  I 

c. Large Exhaust Particle 

d. Panel Surface, Pre-Fire 

Fig. 14 Concluded 
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S - I ¥ ~  Retro Mol 

r 

i~ ~ ,:~ ~,~i}i/~/~ ~.~ 

; II~:OI~';I';~IL':~I . . . .  i ~ i i i  

Paint Erosion 

\ 
/ 

¢':i i 

Fig. 15 Model Surface Paint Erosion 
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A EDC 
4 9 5 4 - 6 5  
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Note: Specimen Located on Contamination Panel A 
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Data Supplied by NASA 
I 

a. Bare Aluminum Specimen 

120 

100 

8O 

60 
C 

4O 

~0 

0 300 

Note: 

/. 
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Specimen Located on Contamination Panel B 
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b. S-13 Paint Specimen 

Fig.  16 Surface Ref lectance of Various Contamination Specimens 
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Fig .  16 C o n t i n u e d  
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Fig.  16 Concluded 
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A E DC-TR-66-57 

3 5 , 0 0 0 - w  Lamp Bank 

Water F i I t er +a--v-__~ 

~.-i ~ . .  

,,.~+ 

+ 

. +  

Solar Cell Panel 

I l l l i i l l i l l l l  
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A E D C 
4771-65 

a. Calibration Rack 

Fig. 18 Solar Cell Panel Calibration 
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A E DC-T R-66-57 
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Notor Angle 
[] 
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0If 
0 0. 10 0. 20 

Pressure, psia 
I:ig. 23 Model Surface Pressure and Heating Rote Relationship 
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Fig. 24 Altitude Effect on Model Surface Heating Rates 
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AEDC-T R-66-57 

Fig. 25 Test Equipment Setup for Laser Experiments 
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AEDC-TR-66-57 
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Fig. 27 Contamination Panel III Reflectance of Exhaust Plume Radiance 

54 



A
E

D
C

-T
R

-6
6

-5
7

 

 ..Eo 

I;of °°
 

0 
O

0
 

0 
~ 

"6 

o
o

~
 

~. 
I 

I 
I 

I 
I 

i 
I 

I 
I 

I 
o

o
 

M
E

) 
'~

" 
C

~
I 

i---I 

t 
> 

:) 

m
 

m
 

m
 

:) :) 

}~ua3Jad 
'V ~

9
 

),R a3uR:Palta~i 
v 

u Q
 

=~ 

Z
 E
 

o 
-~ 

(1~ 
m

E 
o 

._= 
('- 

Q
 

c~
 

m
 

,,1_ a 
i- 

v1
 

o 
~ 

~3 
6 0 
I-- 

G
O

 

o
o

 
E

 

0 

5
5

 



A
 E

D
C

-T
R

-6
6

-5
7

 

E 

E
~

 
E 

"~
=

 
8 N

 

N
 

< 

U
~

 

,,...4 

J'~ 
I 

o
O

 
~ 

":3" 
N

 

),ue3Jed 'e3UE:p,!W
SUEJI UJEa8 JeSg7 

0 cd
 

cd 

,M
 

L
g~ 

E
 

.m
 

E
 0 X
 

uJ 
.1=

 
O

~ 
::) 
.o 

Q
 

U
 

C
 

c o 
I..- 

E
 

O
 

0 
.J 

o,, 

56 



AEDC-TR-66-57 

a. to + 0.020 sec 

Fig. 30 

b. to ÷ 0.028 sec 

Typical Exhaust Plume Characteristics for a 0-deg Angle 
Retro Motor Firing 
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A EDC-T R-66-57 

c. to ÷ 0.032 sec 

d. to + 0.084 sec 

F ig .  30 Conc luded 
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A EDC-TR-66-57 

a. to + 0.020 sec 

Smoke Ring 
Phenomena 

Fig. 31 

b. to + 0.024 sec 

Typical Exhaust Plume Characteristics for an 11.5-deg Angle 
Retro Motor Firing 
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AEDC-T R-66-57 

c. to + 0.056 sec 

d. to + 0.544 sec 

F ig .  31 Concluded 
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Fig. 32 Motor Ambient Pressure Altitudes 
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TABLE II 
OPTICAL RECORDERS 

F i r i n g  
N u m b e r  

-01 

-02  

-03  

-04  

-05 

C a m e r a  T y p e  

Milliken 
Milliken 
Cinerama 
Hulcher 

M i l l i k e n  
M i l l i k e n  
C i n e r a m a  
Hulc  he  r 

M i l l i k e n  
M i l l i k e n  
C i n e r a m a  
H u l c h e r  
M i l l i k e n  

Milliken 
Millkien 
Cinerama 
Hulcher 
Milliken 

Milliken 
Milliken 
Cinerama 
Hulcher 
Milliken 

De s i g n a t i o n  

C a m e r a  1 

C a m e r a  2 
C a m e r a  3 
C a m e r a  4 

C a m e r a  1 
C a m e r a  2 
C a m e r a  3 
C a m e r a  4 

C a m e r a  1 
C a m e r a  2 
C a m e r a  3 
C a m e r a  4 
C a m e r a  5 

C a m e r a  1 
Camera 2 
Camera 3 
Camera 4 
Camera 5 

C a m e r a  1 
C a m e r a  2 
C a m e r a  3 
C a m e r a  4 
C a m e r a  5 

Film Speed, 
frames/sec 

500 

500 
500 

I0 

500 
500 
500 

10 

500 
128 

64 
10 
32 

500 
250 
200 

10 
------1 

128 
250 
150 

10 
128 

F i l m  
T y p e *  

1 
1 
2 
3 

1 
1 
2 
3 

1 
4 
5 
5 
5 

4 
4 
4 
5 

, 4 
i 

Film Types 

I. Edgerton XR Extended Range 
2. B~W 2475 
3. T R I - X  
4. E k t a c h r o m e  ER 7257 
5. E k t a c h r o m e  ER 7258 

1 F a i l e d  to o p e r a t e  

ASA 
ASA 
ASA 
ASA 
ASA 

400 
1600 
400 
160 
125 

16 m m  

16 m m  
70 m m  
16 m m  
16 m m  
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TABLE III 
SUMMARY OF TEST CONDITIONS AND RESULTS 

~ F l r m g  N u m h e r  ] J 4 -  1548-01  

Oa=e 

M o t o r  T y p e  T X -  143- 37 

~ M o t o r  S e r m l  N u m b e r  10104 

Igm er 8 
S e r i a l  N u m b e r  

Nominal Burn Tmle sec 

Non:real Chamber Pressure, psm 

2 0 

1100 

N o m m a l  T h r u s t ,  lbf  [5000 

l--- Nozzle Exl~ Area, m. 2 I18.1 

J 4 - 1 5 4 8 - 0 2  J 4 - 1 5 4 8 - 0 3  J 4 - 1 5 4 6 - 0 4  J 4 - 1 5 4 8 - 0 5  

1 ' - 1 8 - 6 5  

p s ] a  

1 1 - 2 2 - 6 5  II-24-65 " 1 - 1 " - 6 5  

T N - ! 4 3 - 3 7  T X - 1 4 3 - 3 7  T X - 1 4 3 - 3 7  T X - 1 4 3 - 3 7  

10105 10112 10114 10113 

1362 
1364 

1351 
1358 

1375 1368 
1383 1372 

2 . 0 ~  2 n 

i i 0 0  

2 0 2 . 0  

I I 0 0  I I 0 0  i i 0 0  

5000 5000 5000 5000 

1 8 1  18.1  18 .1  18 .1  

NnTz le  T h r o a t  P r e - 7 . r e  2 . 5 6  3 5~ :" 55 3 56 3 56 
A r e a .  m .  2 P o s t - l ' x r e  L 7 1  3 . 6 7  3 .61  3 55 3 . 6 4  

M o t o r  Wexght,  P r e - F l r c  8 3 . 4  83 5 85 1 8 3 . 7  8 3 . 6  
lbf  P o s t - F * r e  ~22 7 20 7 24 4 24 1 23 9 

l o  M o t o r  A m b i e n t  P r e s s u r e ,  P r e - F l r e  072 0 053 0 . 0 4 8  0 041 0 . 0 4 3  
Shu tdown  0 : 3 2  0 11o, n 059 0 089 --0-102- 

1 2 6 , 0 0 0  129, C0~ .32,000 
1 0 8 , 5 0 0  1 1 3 , 0 0 0  1 1 3 , 0 0 0  

52 5 5 0 . 8  52 3 
80 .1  8 0 . 2  87 1 

P r e - F l r e  1 1 9 . 0 0 0  
Shu tdown 1 0 4 . 5 0 0  

P r e - F i r e  51 2 
M a x i m u m  79 3 

1 3 1 , 5 0 0  
i i 0 , 0 0 0  

52 1 
8 1 . 1  

l M o t o r  3 n = h e n t  P r e s s u ' .  e 
A l h t u u e ,  f ~ _ _  

Spray C h a m b e r  
T e m p e r a t u r e ,  °F  

f 

0 0 11 5 

0 90 * 

52 4 
124 3 

' M o t o r  Can t  A n g l e ,  11 5 
D e g r e e s  Up',~ard from Model  S u r f a c e  

~ o  a r  C e l  P a n e I  . 'VIoantmg A n g l e ,  
" - " . 0 
D e g r e e s  R e . a u , , c  to Model  S u r f a c e  

I S o l a r  C e i l s  P r e - F l r e  51 4 
~ p e r a t u r e  M a x i m u m  72 7 

I ,Solar Cell-"'~s Outpu~--~ ; e g ; a d a t m n ,  p e r c e n t - ]  6 . O  

I aber Attenua;lo::, percent 

Model  S u r f a c e  

5n 9 
157 6 

26 6 89 7 * * 

t 12 22 

Pressure, 
psla 

0 . 2 8 0  0 285 
0 234 0 233 
0 . 1 8 0  0 180 
0 125 0 . 1 1 2  
0 113 0 . 1 0 3  
0 0~9 0 038 
0.036 0. n34 

T o t a l  H e a t  
F lux ,  

B t u / f t  2 s e c  
Model  S u r f a c e  

0 144 
0 138 
O. 124 
O. 069 
0 064 
O. 023 
0 C26 

9 0 
8 , 5  
6 6 
5 2 
1 2 

P m s - I  0 139 
p -2  0 135 

m s  3 0 120 P r o s - '  
P r o s - 4  0 . 0 8 9  
P r o s - 5  0 . 0 8 3  
P r o s - 6  0 038 
P r o s - 7  O. 037 

Q t - 1  4 0 
Q t - 2  4 ~i 
Q t - 3  4 . 5  
Q t - 4  4 6 
Q t - 5  1 2 

t S o l a r  Cc_I P a n e .  Not I n , t a i l e d  
; ! r , , , ahe  M e a c u :  e m e n t  

I 3 . 5  
' -0 .9  

8 . 0  
5 . 4  
1 8 

0 . 2 9 2  
0. 240 
0 192 
0 130 
0. 105 
0. 036 
0. 029 

1 3 . 8  
1 1 2  

8 2 
6 1 
1 2 

12 8 
10 5 

7 . 8  
4 8 

1 .2  

t 
I 
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TABLE V 
MODEL SURFACE REFLECTANCE OF A LASER BEAM 

T e s t  N u m b e r  

P a n e l  I 

P a n e l  II 

P a n e l  III 

P a n e l  IV 

P a n e l  V 

P a n e l  VI 

P a n e l  VII 

P a n e l  VIII 

C h a n g e  in R e f l e c t a n c e ,  
J 

-01 -02 

22 

23 

56 

20 f 

P e r c e n t  
i 

-03 

78 

28 

13 5 16 

11 6 

24 15 

26 20 

18 16 

16 14 

8 

16 

21 

18 

16 

-04 

57 

31 

20 

16 

12 

-05 

97 

15 

16 

20 

24 

26 

23 

Data supplied by The Boeing Company 
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